The chick homologue of the helix-loop-helix gene Id3 was isolated, and its expression pattern was analyzed during early stages of chick development. Chick Id3 is dynamically expressed in the olfactory, lens, and otic placodes. It is also observed in the epiphysis, nephric primordium, stomodeum, dermomyotome, distal branchial arches, dorsolateral hindbrain, foregut endoderm, dorsal spinal cord, and somites. q
Results and discussion
Id proteins have been implicated in events ranging from cell growth, differentiation, and apoptosis (reviewed in Israel et al., 1999; Norton, 2000; Norton et al., 1998) . Mammalian Id3 was originally isolated as a mitogen-responsive earlyresponse gene; however, its function in embryogenesis is not yet understood (Christy et al., 1991; Deed et al., 1993) . Here, we isolated the chick homologue of Id3 in a yeast twohybrid screening using E47, a basic helix-loop-helix (bHLH) protein, as bait, in combination with classic library screening. We examined the sequence information of chick Id3 and its expression pattern in early embryonic development, from early neurula through the beginning of early organ formation at 3 days of development.
Chick Id3 cDNA spans a total of 948 nucleotides. It contains an open reading frame of 378 nucleotides, encoding a putative polypeptide of 125 amino acids with a predicted molecular mass of 13.8 kDa (Fig. 1A) . The alignment of amino acid sequences of chick Id3 and its vertebrate homologues is shown in Fig. 1B , and the sequence homologies of these proteins are summarized in Fig. 1C .
Chick Id3 is expressed at early stages. At stage 5 2 (early neurula), Id3 is expressed in the proamnion and faintly at the border of neural plate and epiblast ( Fig. 2A,E) . Later, at stage 7 (two-somite stage), it is expressed in ventral head ectoderm, ectoderm of blastoderm underneath the head, and strongly in the margin of the anterior intestinal portal (Fig.   2B ,C,F,G). A dorsal view of a stage 8 embryo reveals limited expression in the dorsal neural tube of the rostral hindbrain (Fig. 2D , red arrow). Specific expression is clearly seen in rhombomeres 1, 2, and 3 at stage 12 (Fig. 3A) .
The Id3 expression pattern is dynamic at stages 12 and 14. At stage 12 (16-somite stage), this transcript is expressed in the presumptive lens placode and in head ectoderm above the eye as well as in the ventrolateral side of the otic placode ( Fig.  3A ,E,G). It is also expressed in the tail bud, stomodeum, and foregut endoderm (Fig. 3B, D, F, H) . By stage 14 (22-somite stage), Id3 expression is expanded along the dorsal neural tube of the hindbrain (Fig. 3C ). As the otic vesicle begins to invaginate and the lens placode forms at stage 14, Id3 expression is seen in the ventrolateral otic vesicle and in the lens placode and the ectoderm above it (Fig. 3I-K) . It is also present in the endoderm of the anterior intestinal portal, in the nephric primordium, in the somites, and in the dorsal neural tube of caudal trunk at this stage (Fig. 3C,L,M) .
At day 3 of development, Id3 expression is distinctly observed in the epiphysis and caudal olfactory pit as well as in the distal region of the branchial arches (Fig. 4A,F,G) . Its expression is maintained in the dorsal neural tube to the caudal-most extent in the trunk (Fig. 4B,C) . However, Id3 expression is lost in the otic vesicle and lens but is present in the mesenchyme around the rostral retina and also in the distal side of the optic cup, which forms the iris (Fig.  4A,D,E) . Id3 is present in the mesenchyme of the caudal forelimb bud and rostral hindlimb bud (Fig. 4C, arrows) . In addition, it is distinctly expressed in the dorsal lip of the dermomyotome (Fig. 4H,I ).
Although members of the Id family have known as key regulatory proteins of cell growth and differentiation, the precise physiological role of different Id proteins in different tissues during embryonic development is not yet understood. Here, we examined the Id3 expression patterns during early avian embryogenesis, showing that the expression is dynamic during cranial sensory placode development as well as in other tissue at these stages.
Experimental procedures

Cloning of chick Id3 cDNA
A partial chick Id3 gene was isolated from a yeast twohybrid library made from chick three to ten somite embryos by screening E47-binding partners as described previously . A 948 bp full-length chick Its expression is prominent in the dorsal neural tube of the caudal trunk and in the somite and nephric primordium (M). Solid lines indicate the levels of the sections. Abbreviations: aip, anterior intestinal portal; ba, branchial arch; da, dorsal aorta; e, eye; ec, embryonic coelom; fb, forebrain; fg, foregut; h, heart; hb, hindbrain; lp, lens placode; lpm, lateral plate mesoderm; mb, midbrain; np, nephric primordium; nt, neural tube; omv, omphalo-mesenteric vein; op, otic placode; opv, optic vesicle; ov, otic vesicle; r1-6, rhombomeres 1-6; s, somite; sd, stomodeum; tb, tail bud; va, ventral aorta.
Id3 cDNA was obtained by further conventional library screening.
In situ hybridization
The chick Id3 RNA probe was prepared from 453 bp of nucleotide # 489-942 including 17 carboxyl terminal amino acids, outside of HLH domain, and 3 0 UTR. Whole-mount in situ hybridization was performed as described previously, and seven or more embryos at each stage were used for whole-mount in situ hybridization ).
